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Introduction
In the Rel-18 time frame, network energy efficiency is being proposed as a SI by numerous companies. Modeling gNB power consumption would be an important part of the NW EE work in Rel-18. 
This contribution discusses a high-level approach to such power modeling, considering experiences from the Rel-16/17 UE EE work and the power model used.
Discussion 

General aspects of the power model

The power model should reflect practical gNB technology at a few years’ time horizon. Both overly conservative estimates, assuming older technology, and highly optimistic estimates presuming technology disruptions should be avoided.
In previous discussions, a model [1] from 2015 has been used and companies have broadly considered it a qualitative and quantitative reference. The power levels and the time scales in the paper, shown in Fig. 1, have been used in both Rel-17 and Rel-18 discussions (in absence of an agreed 3GPP model). However, both quantitatively and considering its presentation structure, it is desirable to introduce improved models in 3GPP that better reflect the current gNB product status and the analysis structure anticipated in a prospective SI/WI. 
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Both power efficiency during active operation and power consumption in the absence of traffic are important, including the energy consumption that occurs in “idle”; when the gNB is not communicating with UEs. The modeling should thus particularly ensure that aspects related to “idle” operations and related sleep modes and transitions are well covered. 
Model details are expected to differ for a variety of gNB types, e.g. macro/micro/small BS, AAS/indoor designs, etc, but at least, the modeling should reflect AAS-type gNB designs. 
1. [bookmark: _Toc83992462][bookmark: _Toc84012458][bookmark: _Toc84012558] Modelling energy consumption for low-load and “idle” operation, and type of gNB design (e.g. AAS) are key considerations for gNB energy consumption modelling.

Power model structure

[bookmark: _Toc61364570][bookmark: _Toc61364582]In Rel-16/17, UE power consumption analysis was based on the model agreed in the SI TR [2]. The model includes several important aspects that were used successfully in the UE EE work:
· Power levels associated with different UE operations, e.g. specific channel reception
· Power levels associated with multiple sleep states
· Transition times and transition energies associated with entering and leaving sleep states
· Power consumption scaling depending on the active number of antennas, BW
· Applicable to FR1 and FR2 
It is desirable that similar model features and a similar presentation, especially related to the sleep transitions, be provided for gNB power and energy consumption analysis. 
1. [bookmark: _Toc84012459][bookmark: _Toc84012559]A gNB power model can be structurally similar to the UE model in TR38.840 that includes power and/or energy levels of relevant operations, sleep states and transitions, as well as scaling for at least TX and RX BW and the number of active antenna chains.
Similarly to [1], the model should cover full-load and low-load operation, and multiple sleep states with different transition times. In contrast to UE where all operations can be linked to single UE-gNB communication and specific channel processing, a gNB operation may include communication or broadcast to a varying number of UEs which should also be reflected. 
1. [bookmark: _Toc84012460][bookmark: _Toc84012560]Operations related to specific channel processing and aggregate handling of multiple UEs are key aspects impacting gNB energy consumption.
Conclusion
In previous sections, the following observations and proposals were made: 
Observation 1	Modelling energy consumption for low-load and “idle” operation, and type of gNB design (e.g. AAS) are key considerations for gNB energy consumption modelling.
Observation 2	A gNB power model can be structurally similar to the UE model in TR38.840 that includes power and/or energy levels of relevant operations, sleep states and transitions, as well as scaling for at least TX and RX BW and the number of active antenna chains.
Observation 3	Operations related to specific channel processing and aggregate handling of multiple UEs are key aspects impacting gNB energy consumption.
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Fig. 1. Power consumption as the system deactivates and enters successive
sleep modes.
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BASE STATION POWER CONSUMPTION IN 2020 TECHNOLOGY. SLEEP
MODES 1 TO 4 CORRESPOND TO OFDM SYMBOL, SUB-FRAME, RADIO
FRAME AND STANDBY, RESPECTIVELY.
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